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Abstract—A new method for the fabrication of micro structures
for fluidic applications, such as channels, cavities, and connector
holes in the bulk of silicon wafers, called buried channel technology
(BCT), is presented in this paper. The micro structures are con-
structed by trench etching, coating of the sidewalls of the trench,
removal of the coating at the bottom of the trench, and etching
into the bulk of the silicon substrate. The structures can be sealed
by deposition of a suitable layer that closes the trench. BCT is a
process that can be used to fabricate complete micro channels in
a single wafer with only one lithographic mask and processing on
one side of the wafer, without the need for assembly and bonding.
The process leaves a substrate surface with little topography, which
easily allows further processing, such as the integration of elec-
tronic circuits or solid-state sensors. The essential features of the
technology, as well as design rules and feasible process schemes,
will be demonstrated on examples from the field of -fluidics. [482]
Index Terms—Lab-on-a-chip, micro channels, -fluidics, silicon
micromachining.
I. INTRODUCTION
M ICRO channels are essential components of micro-flu-idic systems, in which they act as connections between,
e.g., pumps, valves, and sensors [1], as separation columns for
several different types of chromatography [2]–[4] or as heat ex-
changers, e.g., in microreactors [5] or for electronic chip cooling
[6]. Initially, most of these structures were fabricated by con-
ventional micromachining in single-crystalline silicon bulk ma-
terial [7], but recently, with the advent of planar electrophoresis
chips, micromachined channels in electrically insulating and op-
tically transparent materials, like glass and quartz, have become
of increasing importance [8]–[11].
To construct closed micro channels, wafer-to-wafer bonding
techniques like anodic bonding or direct (fusion) bonding are
usually required [12]. A disadvantage of such a process is
that wafer-to-wafer misalignments [see Fig. 1(a)] and micro
voids may be introduced during the bonding process, which
may change or even destroy the functional performance of
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the device. Enclosed micro channels can also be fabricated
by surface micromachining, which consists of the embedding
of thin-film structural parts in layers of a suitable sacrificial
material [13] on the surface of a substrate. The sacrificial
material is dissolved, leaving a complete micro channel [see
Fig. 1(b)], thus avoiding the need for aligned bonding. The
dimensions of such channels are generally restricted by the
maximum sacrificial layer thickness (ca. 5 m) that can be
deposited within an acceptable time period.
As an alternative to conventional bulk and surface micro-
machining, a new method of bulk micromachining, called
buried channel technology (BCT), is proposed in this paper.
The method is derived from the well-known SCREAM process
[14]. Fig. 1(c) shows a typical example of the channels that
can be constructed with the BCT method. Important features
of the method are large freedom of design and the absence
of assembly or wafer-to-wafer alignment steps because pro-
cessing only occurs on one side of the silicon wafer. Since
the structures are implemented underneath the surface of the
wafer, the surface is, in principle, still available for integration
of electronic circuits, fluidic devices, or sensor chips, which
leads to a more efficient use of substrate surface and eventually
to further miniaturization.
II. BCT
A. Principle of BCT
The technology consists of the ten basic steps, which are
shown in Table I. A bare substrate is covered with a suitable
mask material (step 1) and patterned by lithography and etching
(step 2). To protect the trench coating, a special process is
needed (step 3). This is explained in Section II-B.2. A trench
is etched in the substrate (step 4) and conformally coated with
a suitable coating material (step 5). The coating is removed
only at the bottom of the trench (step 6) and the structure is
etched in the bulk of the substrate (step 7). After stripping of
the coating (step 8), the structure is sealed by filling the trench
with a suitable material (step 9). If required, the structure may
be (partly) released (step 10). The depth of the trench (step
4) defines the distance of the center of the channel from the
surface of the substrate, while the shape and dimensions of the
structures are defined by the type of etchant (step 7), the crystal
orientation of the silicon wafer (for the case of anisotropic
etching in KOH), and the etching time.
B. Process Schemes
In Table I, four process schemes are given, that differ in terms
of the solutions used to etch the buried structure and the mate-
rials used to protect the silicon wafer. Methods like isotropic
1057–7157/00$10.00 © 2000 IEEE
de BOER et al.: MICROMACHINING OF BURIED MICRO CHANNELS IN SILICON 95
(a)
(b)
(c)
Fig. 1. SEM pictures of several types of micro channels, fabricated with: (a)
bulk micromachining and wafer bonding, (b) surface micromachining, and (c)
BCT.
reactive ion etching (RIE) in SF gas, etching in HF–HNO so-
lutions or electrochemical etching in HF solutions are used in
process schemes 1– 3, respectively [15]–[17]. In process scheme
4, an anisotropic etchant like KOH is used [18].
When a curved layout has to be fabricated, an isotropic
etchant has to be chosen. For these etchants, the etch rate is
equal in all directions, yielding a larger freedom in mask layout
than when anisotropic etchants are used. Curved mask layouts
cannot be fabricated using anisotropic etchants due to the
differences in etch rate between the different crystal planes of
silicon and underetching at convex mask corners. The shape of
the etched structures in that case is determined by the relative
etch rate of different crystallographic planes. In practice, the
structures will be bound by slowly etching {111} planes.
Fig. 2 illustrates how four different shapes can be constructed
in {100} silicon, using the process schemes described in Table I.
The shapes are created by varying the depth of the trench and
the type of etchants used in step 7.
Hemi-Circular Surface: Complex curved mask layouts can
be realized using process schemes 1–3. The shape of the cross
section is hemi-circular. Since step 4 is not implemented, steps
5, 6, and 8 can be skipped.
Circular-Bulk: Process schemes 1–3 can be used. All steps of
the BCT have to be carried out to construct this type of channels.
V-Groove-Bulk: The process sequence of scheme 4 has to
be applied, e.g., in silicon {100} substrates. The shape of the
channel is determined by the slowly etching {111} planes in sil-
icon. Simple V-groove (or rather, rhombus-shape) structures are
obtained, when the structures are aligned parallel to one of the
110 directions of the silicon crystal. To adjust the size of the
V-groove channel, after removal of the coating on the bottom of
the trench, an extra deep reactive ion etching (DRIE) step should
be carried out. Otherwise, the channel would end up in a small
V-groove with the width of the trench. The depth of the extra
trench, created by the additional DRIE step, determines the size
of the V-groove. The etching time in this case is reduced by the
high etching rate of the {110} planes, which make up the side-
walls of the extra trench (Fig. 2).
V-Groove-Surface: Only the process-steps 1–4, 7, and 9 of
scheme 4 are used to construct the V-groove-surface channel in
silicon {100}. The size of the V-groove shape is determined by
the depth of the extra trench created during DRIE and the slow
etching {111} planes in silicon. In the following sections, the
essential features of the process steps of BCT will be discussed
in detail.
1) Mask Material and Pattern Transfer: The mask mate-
rial has to withstand all the process steps mentioned in Section
II-A. Most importantly, the desired mask layout has to be trans-
ferred to the mask material with high precision. Furthermore,
the material has to withstand the etching of the buried struc-
ture in step 7, while it should possess a low internal stress, to
avoid bending of the wafer. It was observed that during pattern
transfer to the silicon–nitride mask material, using a photoresist
mask and RIE-CHF etching, widening of the mask opening oc-
curred. The reason for this is that, during the RIE process, the
photoresist pattern erodes at the edges, leaving a tapered profile
in the silicon–nitride mask material. This results in a widening
of the trench and problems with closure of the trench in step
9. A thin chromium layer (50 nm) on the silicon nitride can be
used to prevent this problem. The chromium mask is not eroded
during RIE-CHF etching.
2) Protection of the Coating: When no precautions are
taken, in some cases very small undesired openings are etched
into the protective coating layer. These openings were observed
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TABLE I
DIFFERENT PROCESS SCHEMES FOR BCT
to lead to the formation of holes in the silicon during step
7 [see Fig. 3(a)]. Since the size and position of the holes is
unpredictable, these holes make sealing of the buried structures
in step 9 more difficult and, therefore, they should be avoided.
The effect is most pronounced when isotropic etching is used
because in that case etching is not limited by slowly etching
crystal planes.
Preliminary experiments showed that a small underetching
of the mask during DRIE of the trench resulted in a good pro-
tection for buried structures, based on process scheme 1, with
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Fig. 2. Different shapes of micro channels made by thin-film techniques and
BCT process schemes. (1) Hemi-circular at surface. (2) Circular in bulk. (3)
V-groove in bulk. (4) V-groove at surface.
(a)
(b)
Fig. 3. (a) Buried channel etched without the isotropic per-etch step. When
the silicon nitride at the bottom of the trench was removed, the nitride at the top
corners also opened, resulting in the voids at the side of the trench. (b) Buried
channel etched with an isotropic pre-etching step. In this case, no unwanted
voids appear.
a diameter less than 5 m. Since in this case the substrates are
only subjected to the etching medium for a relatively short time,
coating of the trench was done by thermal oxidation of the sil-
icon [see Fig. 4(a)]. However, it was observed that the protec-
tion was not very reproducible, due to small variations of the
underetching during the DRIE process. Furthermore, in case the
trench was protected with a deposited layer, it was found that for
trenches with small underetching, the coating at the edges of the
trench was not sufficiently protected by the mask. To obtain a
good protection, a special process step had to be implemented in
the process schemes 2–4. Two methods were developed to ob-
tain a good protection. The first method is based on an isotropic
pre-etch, creating an underetched region in the substrate directly
beneath the mask [see Figs. 3(b) and 4(b)]. After trench etching,
the coating was also deposited on the underside of the mask
layer, due to good step coverage of the low-pressure chemical
vapor deposition (LPCVD) process used in step 5. In Fig. 3(b), a
buried channel is shown after isotropic pre-etching, and it can be
seen that no holes appear in unwanted positions along the trench.
The second method is based on sacrificial layer etching. A sil-
icon–dioxide layer was applied before the deposition of the sil-
icon–nitride mask layer in step 1. The silicon–dioxide layer was
sandwiched between the silicon substrate and the silicon–nitride
mask, as is shown in Fig. 4(c). After deep silicon trench etching,
a small cavity was created by etching of the oxide layer in HF.
The cavity was completely filled with the silicon–nitride coating
and perfect protection was achieved. Advantages of the latter
process are that the uniformity of underetching across a wafer
and from wafer to wafer is generally better than in the case of the
isotropic underetching of Fig. 4(b), and the fact that the upper
part of the trench can be filled more easily by the closing process
of step 9 so that the silicon substrate surface will be more planar
than in the case of the isotropic pre-etching.
3) DRIE of the Trench: For DRIE trench etching, we
used cryogenic SF -based plasma chemistry [19] and a
state-of-the-art inductively coupled plasma (ICP)-RIE system
by Oxford Instruments, Bristol, U.K. The maximum size
(diameter) of circular bulk and V-groove-bulk structures is
mainly determined by the depth of the trench in the substrate.
The maximum depth is determined by the width of the trench
and the maximum obtainable aspect ratio (depth/width) of
the RIE processes [20], which, in our process, is ca. 25. The
growth rate and intrinsic stress of the material to seal the
buried structure determine the maximum allowable width of
the trench. In practice, the trench should be smaller than 5 m
to avoid excessive deposition process times. Too high a stress
in the sealing material may introduce bending of the wafer and
render further processing almost impossible. The profile of the
trench must have no taper [see Fig. 5(a)], which can be achieved
by an optimization procedure that was described before [21],
[22]. In case of a positively tapered trench [see Fig. 5(b)], the
coating at the sidewalls will also be etched in step 6, increasing
the probability of the appearance of pinholes in the coating.
Sealing (step 9) will also be difficult in case of a tapered trench.
In case of a positively tapered trench, the closing will take place
only at the bottom, whereas in the case of a negatively tapered
trench, the top of the trench will be closed [see Fig. 5(c)]. The
roughness of the walls is also important. A conformal coating
adopts the texture of the trench wall. In case of a rough wall,
pinholes are easily etched in the coating during process step
6, and may give unwanted holes in the silicon during etching
of the buried structures. For a smooth silicon trench wall, we
observed no pinholes in the coating after step 6. To achieve
this, a process with a relatively high oxygen flow was used
[19]. A disadvantage of the described process is that smaller
mask openings etch slower than wider mask openings. This is
a well-know effect called “RIE-lag” [20]. To control the depth
of the trenches, a multimask procedure may be used. To obtain
trenches with the same depth, the layout has to be split up in
several masks, each mask containing only openings or struc-
tures of one particular size. The larger openings are protected
with photoresist and the smaller openings are preetched to a
certain depth. After the photoresist is removed, all the openings
can be etched in one run.
4) Coating of the Trench: The coating layer must be pinhole
free and uniformly deposited or grown in the trench to protect
the silicon wafer during etching in step 7. Processes like LPCVD
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(a) (b) (c)
Fig. 4. Three methods to protect the coating in the trench. (a) Underetching (plus thermal oxidation). (b) Isotropic pre-etch. (c) Short sacrificial layer etch.
Fig. 5. Different trench shapes and their effect on the sealing procedure in step
9. (a) Without taper. (b) Positive taper. (c) Negative taper.
of silicon nitride [23] or silicon dioxide [24], or thermal oxida-
tion of silicon may be used. Another aspect to take into account
is the mechanical stability of the coating. During etching of the
buried structure, the coating of the trench walls will become par-
tially freestanding. Due to bending of the coating material, the
trench can be locally closed, which may slow down etching.
For a proper process, the etch rate in step 7 of the coating
material should be significantly lower than the etch rate of
silicon. For process schemes 2–4, we used LPCVD silicon
nitride with a thickness of 300 nm for trenches with an aspect
ratio (depth/width) of 0.1–15. For layers thinner than 200 nm, we
observed holes in the silicon trench wall due to pinholes in the
silicon nitride after etching of the buried channels. For trenches
with a high aspect ratio (15) coated with a thick silicon–nitride
(more than 600 nm) layer, we observed a low etch rate at the
bottom of the trench (step 6). The low etch rate will be explained
in Section V. For process scheme 1, we used thermal silicon
dioxide with a thickness of 400 nm. The etch rate of silicon
dioxide under the isotropic SF plasma etch conditions described
in Section VI is a factor of 100 lower than that of silicon nitride.
5) Etching of the Coating at the Bottom of the Trench: To
remove the coating at the bottom of a deep trench without cre-
ation of pinholes in the coating at the sidewalls, a directional
etching process like low pressure RIE SF plasma has to be
used. To be able to adjust the parameters of the RIE process
correctly, first the plasma properties that determine directional
etching have to be explained. Directional etching in plasma pro-
cesses is a result of ion-enhanced reactions [25]. In a plasma,
the sheath electric field accelerates ions along the macro-
TABLE II
PROCESS PARAMETERS FOR ETCHING OF THE SILICON–NITRIDE LAYER AT THE
BOTTOM OF A DEEP TRENCH USING AN ELECTROTECH PLASMAFAB
310/340 RIE MACHINE. TRENCH DEPTH AND WIDTH WERE 75
AND 5 m, RESPECTIVELY
scopic surface normal, creating a directed flux of energetic par-
ticles, which induce directional etching [26]. Ion scattering in
the sheath produces a distribution of bombarding kinetic ener-
gies and angles at the surface, called the ion energy distribu-
tion (IED) and ion angular distribution (IAD), respectively [27].
The energy and angle of an ion incident on a surface are deter-
mined by the electric field in the sheath, the ratio of the sheath
thickness to the mean-free-path, and the number of RF cycles
required for an ion to cross the sheath. These parameters are
determined by operating conditions such as power, frequency,
electrode spacing, and pressure. Directional RIE SF etching
can be obtained at low pressures (below 10 mtorr), relatively
high ion energies (200 eV), and high plasma frequencies (13.56
MHz and higher). At low pressures and high frequencies, ion
scattering in the sheath is low and most of SF ions of the SF
plasma will enter the trench traveling in a direction perpendic-
ular to the bottom of the trench (small IAD). In that case, the
IED is also small, which means that most of the ions will hit the
bottom of the trench with the energy gained by the electric field
in the sheath [28].
By applying this process, we removed the bottom of trenches
with aspect ratios of up to 15 without etching pinholes in the
coating on the sidewalls. In Table II, the process parameters
are given, which are used to remove the silicon–nitride coating
at the bottom of the trench, using an Electrotech Plasmafab
310/340 RIE. We observed that for trenches with a depth of
75 m and a width of 5 m, which were coated with 300-nm
silicon nitride, the ion energy had to exceed 200 eV to re-
move the coating from the bottom of the trench. An explanation
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Fig. 6. Different channel shapes obtained after step 7. (a) Pear-shaped channel, obtained by isotropic RIE. (b) Circular channel etched electrochemically in an
5% aqueous HF solution. (c) Circular channel obtained after wet chemical etching in HF-HNO solution. (d) V-groove channel obtained after KOH etching.
for this rather high required energy may be that, due to charging
of the silicon nitride through electrons from the plasma, an elec-
tric field is induced in the trench [29]. The SF ions are de-
flected by the electric field in the trench, move toward the walls
of the trench, and will not reach the bottom of the trench. To
verify this assumption, more research will be required. Due to
the charging phenomenon, the etch rate at the bottom of the
trench is lower than the etch rate at the surface of the wafer (see
Table II). We observed that, when the aspect ratio of the trench
was higher, the etch rate at the bottom was also reduced. The as-
pect ratio was increased by the layer thickness of the deposited
coating in the trench, thereby reducing the width of the trench.
For a trench coated with 300-nm silicon nitride the aspect ratio
is 17, and for a trench coated with 600 nm, the aspect ratio is
20. The etch rate at the bottom is reduced by 23%.
The charging phenomena and influence of the aspect ratio on
the etch rate at the bottom of the trench imply that the mask
on the substrate (step 1) must be thicker than the coating. For
silicon dioxide under similar process conditions, we observed
the same phenomena as mentioned in Table II.
6) Etching the Buried Structure: Process scheme 1:
Isotropic etching of silicon using RIE-SF plasma can be
achieved by reducing the self-bias of the RF plasma, thereby
decreasing the kinetic energy of the ions. The isotropic etching
rate of silicon can be increased by using pressures above
250 mtorr, high SF flows, substrate temperatures above 25 C,
thereby enhancing the spontaneous chemical processes of the
plasma [30]. The etch rate was in the order of 1.0 m/min.
The plasma etched structures where not perfectly circular,
but pear-shaped [see Fig. 6(a)]. These experiments were done
on an Electrotech Plasmafab 310/340 RIE apparatus. The
anisotropic behavior of the plasma is probably due to ions
that are continuously accelerated by the plasma potential to a
kinetic energy of 10 eV.
In process scheme 2, we used a p-type silicon substrate in an
electrochemical etching process in a 5% aqueous HF solution
[see Fig. 6(b)]. The samples were etched at a potential of 3 V
versus Ag/AgCl. The etching rate was 1 m/min and the shape
of the etched structures was circular. In process scheme 3, we
used a 5:15:80 vol-% solution of HF (50%), HNO (69%) and
DI water to etch a circular shape in silicon. In order to achieve
perfect wetting of the trench, the substrate was subsequently im-
mersed in acetone, isopropanol, and water. The substrate was
not allowed to dry during transfer from one liquid to the next,
and was left in each liquid for at least 5 min. The shape of
the cross section was not completely circular; but showed some
minor anisotropy [see Fig. 6(c)]. An explanation of this phe-
nomenon could be the depletion of active etching species or the
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Fig. 7. Structure after sealing with silicon nitride.
accumulation of etching products in the trench, which gives rise
to a lower driving force for etching, which is known to give rise
to increased anisotropy [31]. As can be derived from measure-
ments of the etching rate, which was 1 m/min at the surface
of the wafer and 0.3 m/min at the bottom of a trench with an
aspect ratio of 85/5, the etching rate in the trench is indeed ham-
pered by limited mass transport. Finally, Fig. 6(d) shows the re-
sult of anisotropic etching in a 25 wt-% KOH solution at 78 C.
7) Filling of the Trench: Before filling of the trench, the
coating layer has to be stripped. For materials like silicon nitride
and silicon dioxide, this can be done by wet chemical etching in
an HF solution, although it has to be mentioned that the stripping
rate of silicon nitride is generally very low in such a solution.
For a perfect seal, a deposition process with an excellent step
coverage is required. The deposition rate determines the max-
imum layer thickness that can be deposited in a reasonable time.
The material should also have a low residual stress to avoid
bending of the wafer. The choice of the filling material also de-
pends on whether or not a second buried structure should be in-
tegrated (see Section III). To achieve a perfect closure, the trench
should have no taper (see Section III and Fig. 7). Processes like
LPCVD of low-stress silicon nitride [23] and LPCVD poly-sil-
icon [32] have these characteristics and were investigated (see
Table III). For low-stress silicon–nitride layers with a thickness
larger than 2.5 m and a layout with a high structure density,
we observed a permanent deformation of the wafer, which made
further lithographic processing very difficult. The internal stress
of the silicon–nitride layer can be controlled by the ratio of
the precursors for LPCVD, viz. SiH Cl and NH . According
to [23], a precursor ratio SiH Cl : NH of seven will have a
residual stress close to zero and should, therefore, be ideal for
filling trenches. However, it is our experience that for such a
process, the LPCVD equipment requires more frequent mainte-
nance, due to heavy deposition of reaction products on reactor
walls. LPCVD poly silicon is, therefore, a better choice since it
also can be deposited with low residual stress, which may be re-
duced even further by annealing processes [32]. Another advan-
tage of poly silicon over silicon nitride is the fact that it allows
integration of a second buried structure (see Section III) because
TABLE III
PROCESS PARAMETERS AND MATERIAL PROPERTIES OF LPCVD SILICON
NITRIDE AND POLY-Si USING A TEMPRESS LPCVD REACTOR
(a)
(b)
Fig. 8. (a) Impression of a cavity connected to a buried fluidic channel. The
vertical channel might also serve as an opening for capillary connection. (b)
Crossing buried channels.
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Fig. 9. (a) 10-m long spiral-shaped channel with a diameter of 30 m. (b)
Freestanding micropipette made by process scheme 4 using the V-groove
surface method of Fig. 2.
it has nearly the same etch rate as bulk silicon in an isotropic
etchant like HF-HNO or DRIE. After filling the trench with
poly silicon, we observed a perfect seal and no deformation or
bending of the wafer.
III. DEMONSTRATORS
With the procedures presented in this paper, it is possible to
construct many different structures that are relevant for micro-
fluidic systems, like cavities that may serve as reaction cham-
bers or as containers for reactants [see Fig. 8(a)], or crossing
channels [see Fig. 8(b)]. For the latter, a sequence of BCT runs
has to be applied. Since the etch rate of silicon nitride is very
low in most of the etching media that have been discussed here,
the deepest structures, which for obvious reasons have to be fab-
ricated first, will have to be sealed with a different material, e.g.,
with poly-silicon (see Section III).
Another example of a structure fabricated with BCT, i.e., a
spiral-shaped channel with a length of 10 m and a diameter of
30 m, developed for an application in gas chromatography, is
shown in Fig. 9(a). The channel is constructed with the aid of
process scheme 3. Connectorswitha diameter of300 mwere in-
tegrated by multiple-run BCT. The BCT process leaves room for
Fig. 10. Array of parallel microreactors consisting of a channel network with
capillary connector openings. Such a layout may be useful as a synthesizer in
combinatorial chemistry.
the integration of other components that may be required for the
development of a complete lab-on-chip, like injectors, filters, and
heating elements. Electronic circuitry might also be integrated,
although this may require some additional polishing steps to im-
prove the flatness of the substrate surface, but this is not an insur-
mountable problem, since chemical mechanical polishing steps
are common practice in integrated circuit (IC) technology today.
As another example of the feasibility of BCT, Fig. 9(b) shows
a freestanding micropipette, made of silicon nitride, to be used
for DNA research [33]. The pipette is constructed with process
scheme 1 and has a freestanding length of 100 m with an in-
side diameter of 3 m and a entrance diameter of 1 m. Con-
nector holes and channels were integrated, using one- run BCT.
Another application of freestanding capillaries made of silicon
nitride or silicon dioxide is capillary zone electrophoresis [34].
Fig. 10 shows an artist impression of a micro reactor system con-
sisting of a network of channels with connectors, that can be fab-
ricated in a single-run BCT process. The diameter of the chan-
nels can be downscaled to a few micrometers and may be used,
e.g., in the field of combinatorial chemistry and high-throughput
screening of leads in pharmaceutical research.
IV. CONCLUSION
A new method, called BCT, to fabricate micro structures like
channels, cavities, and connector holes in bulk silicon, is pre-
sented in this paper. Due to the recent developments in deep
silicon trench etching with the aid of advanced RIE systems,
very narrow structures can be etched in the bulk of silicon sub-
strates, and these trenches are the basis for the fabrication of
buried channels. BCT is a process that can be used to fabricate
complete micro channels in a single wafer with only one litho-
graphic mask and processing on one side of the wafer, without
the need for assembly and bonding. The process leaves a sub-
strate surface with little topography, which easily allows further
processing, like the integration of electronic circuits or solid-
state sensors. The material surface inside the channel is uni-
form and reproducible. The buried channels are intrinsically
nontransparent because they are embedded in a silicon substrate.
However, freestanding optically transparent structures become
possible if the buried structures are coated with silicon nitride
or silicon dioxide and, subsequently, released by removal of the
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substrate material that surrounds the channels. Feasible appli-
cations of buried micro channels may be inkjet nozzles, micro-
coolers, microreactors, and miniaturized chemical analysis sys-
tems. A column structure, which may be used in a gas chromato-
graph, and freestanding micro capillaries, which are suitable for
DNA research, were demonstrated.
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